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Foreword. On request of the Soprintendenza in charge of the Museo Egizio of Turin, a quite 
large number of tests have been performed on four statues of the museum to assess their 
integrity both for practical (moving the statue) and archaeological purposes. Ultrasonic 
tomography and georadar have been used with fine results on sub-decimeter scale. In this 
paper we present the main results on the statues of the Pharaons Ramses II (Fig.1 left) and 
Tuthmosis I. (Fig.2 left).  Both the statues belong to the collection set up by Bernardino 
Drovetti, Console Generale of France in Egypt in the early XIX century. Ramses II statue was 
restored in the first half of the XIX century. Few documents can be found on these restoration 
works: very likely  the statue arrived broken to Turin and was reassembled with cement 
mortar (Hartleben, 1909) No news can be found neither on the type of mortar nor on the 
quantity of mortar actually used. The statue of Ramses was probably found at Tebe in 1818. It 
is made by basanite exploited from a quarry in Uadi Hammamat. The basanite is a basaltic 
extrusive rock also known as Lydian stone or lydite. It was almost exclusively reserved to the 
crafting of  statues of pharaons or divinities. In many parts of the statue the mortar (as dark as 
the stone) is clearly visible (Fig.1 right). The statue of Tutmosis I was found by J.J. Rifaud , a 
Drovetti 's agent, in 1818 in Tebe, very likely in the Karnak temple. The king sits on a throne 
with many scripts on both the sides of the seat. The statue is made by a dark diorite with some 
light pink plagioclase crystals sizing  few centimeters. Its conservation seems fairly good. 
 
The methods. Following the information required by the archaeologists two techniques were 
chosen: ultrasonic and georadar, with tomographic acquisition and processing when suitable. 
The ultrasonic testing was chosen in order to obtain an estimate of the mechanical properties 
on some planar sections and on some meaningful directions of the bodies of the statues. The 
georadar has been rather used to find the persistence of visible fractures or the existence of 
hidden inner fractures. The acquisition scheme used in ultrasonic testing consists of 
positioning the transmitter (Tx) probe on one side of the statue and measure the time that an 
elastic pulse needs to arrive to the receiver (Rx) probe  on another side of the statue. This 
measure is repeated in many positions either of the Tx or the Rx until a sufficient ray 
coverage of the analysed section is reached. It allows the estimation of the velocity of 
propagation of compressional waves (P waves) vp in the stones the statues are made with. 
According to the elasticity theory, vp is related to the elastic properties of  the material such as 
Young’s modulus E and Poisson’s modulus ν  and to its specific mass ρ. Determining the vp 
then allows for a distinction between different materials or, within the same medium, between 
fractured and sound zones. 
Surface-penetrating radar is a non-destructive method which adopt electromagnetic waves to 
investigate the nature and discontinuities of non-conducting materials; a typical surface 
penetrating radar transmits a short impulse of electromagnetic energy (of 1 ns time duration) 
from a  transmit antenna into the material under test. The energy reflected from 
discontinuities of electromagnetic impedance is received by a receiver antenna; the signal is 
then suitable processed and displayed by the display of the control radar unit. A typical data 
acquisition is realised moving both the antennas (transmit and receiver) along a linear path 
(profile); the final results is a cross sectional image generated by the reflected events (Davis 
and Annan, 1989). In non destructive testing, the surface radar has been widely used to detect 
the main discontinuities of cultural heritage or in man made artefacts: three dimensional 
reconstruction of the vault of Scarsella in Baptistery of Florence is reported by Cardarelli 
(Cardarelli et al., 2001) using a joint approach of surface radar, electrical and sonic 
tomography. High resolution for the detection of small fracture and discontinuities is a main 
requirements of surface radar investigation; this can be assure by using high frequency 
antennas (1500 - 2000 MHz). 
  
Acquisition and processing. The ultrasonic equipment used for data acquisition is a 
PUNDIT (Portable Ultrasonic Non-destructive Digital Indicating Tester) linked to a 
oscilloscope which  transmits an ultrasonic pulse from a source to a receiver probe. It is then 
possible, since the transmitter and receiver are synchronised, to read the pulse travel-time. 
The probe operating frequency is 33 kHz; the bandwidth is around 20 kHz, which means a 
theoretical resolution of about 10 cm in this materials. In some cases the attenuation of the 
signal at the receiver probe was too high to allow a reliable visual detection of the signal first 
arrival on the raw data. The travel time reading was directly made on the oscilloscope display. 
In case of bad signal-to-noise ratio, to improve the reliability of the travel time reading the 
signals were processed mainly with a band-pass filtering. Ultrasonic tomography inversion is 
the procedure that provides the ultrasonic velocity distribution in the investigated section 
using, as inputs, the impulse travel times and the source and sensor positions. The velocity 
calculation is performed by a SIRT (Simultaneous Iterative Reconstruction Technique) 
algorithm, using the MIGRATOM software (by USBM) (D.R.Tweeton, 1988), developed for  
travel-time tomography for seismic investigation and using seismic ray approximation. 
The GPR acquisition has been carried out according two main approaches: continuous single 
reflection mode with common offset, moving the antennas along profiles on a surface of the 
statues; transillumination mode, using two separated antennas, disposed on opposite side of 
the statues. The first approach permits to analyse the reflection events due to the fractures and 
the main structural discontinuities inside the throne and the body of the statues. The common 
offset data acquisition has been realised on the back and on the throne of Ramses and on the 
back of the Tutmosis statue. The control unit SIR System II  - G.S.S.I has been adopted; in the 
common offset mode, the acquisition used a time window of 20-30 ns, with 512/1024  
samples for trace and an analogical band-pass filter in the range 1000 - 2000 MHz, with the 
1500 MHz nominal frequency antenna. The data processing of single radar image has been 
realised according to the following steps: trace editing and removal, distance trace 
normalisation, band-pass frequency filtering and Hilbert transform. The final steps permitted 
to transform the filtered amplitude radar image in a new image more representative of the 
signal reflected strength. In such a way, the capability of distinguish different material (stones 
or mortar) can be improved.  
 
Results. The result of each ultrasonic tomography consists of an image showing the 
distribution of vp on a plane section of the investigated volume. To synthesise the results a 3D 
rendering has been done using all the images obtained on the Ramses throne: from this 
processing it is possible to extract iso-velocity surfaces including the volume having vp  
greater than a selected value. According to the results a volume equal to about 40% of the 
throne could be made mainly with mortar (Fig. 1 centre).  
The radar image of the common offset acquisition along the back of Ramses; the main radar 
events depicted on the zone of the head are related to the presence of the mortar, other 
discontinuities are pointed out at the level of the throne. 
 
 
 
Figure 1 : left: the statue of Ramses; centre: example of 3D rendering of the ultrasonic 
tomographic image of the throne of Ramses statue. The inner zone is characterised by 
velocity values below 2500 m/s due to the presence of mortar; right: the throne clearly shows 
cracks filled with mortar due to its reassembling. 
 
The radar transillumination measurement permitted to determine the values of  the wave 
velocity: in the Ramses statues the wave velocity is approximately 0.10 - 0.11 m/ns. The time-
distance image could be converted to distance-distance image using migration techniques, 
capable to correct the typical effects of radar image (diffraction and reflection artefacts). 
The advantage of this procedure is well depicted on the data acquired on the back of 
Tutmosis, where on the raw radar image several artefacts made uncertain the interpretation of 
the main reflection events; on the other hand, the migrated sections shown more accurately 
the reflections and permit to pointed out the absence of any relevant events because of the 
absence of discontinuities located inside the throne (Fig. 2 right). 
 
 
 
Figure 2 : left: the statue of Tutmosis; right: example of radar image performed along the back 
of the Tutmosis statue; it can be noticed the absence of significant reflection events inside the 
statue, according to the absence of discontinuities of the monuments. 
  
On the other hand, the radar images on the Ramses’ statue depicts on the zone of the head the 
presence of strong diffraction and adsorption phenomena of the radar signal; this effects are  
related to the presence of the mortar. Radar events related to other main discontinuities are 
pointed out at the level of the throne, revealing the high degree of fragmentation of the statue.  
 
Conclusions. Ultrasonic tomography and GPR prove to be effective techniques for the 
diagnosis of the integrity of ancient statues. The ultrasonic tomography, even if it needs much 
more acquisition time and care in data processing, can supply not only an estimate of the 
geometry of heterogeneity but also an indication about the elastic properties of the materials. 
On the other hand the GPR requires a much more faster acquisition and a lighter processing, 
and can display quite effectively the borders of the anomalous zones and the eventual 
fractures. Both the techniques need however an accurate design of the measurement plane. As 
far as the ultrasonic tomography is concerned, attention has mainly to be paid to the choice of 
the frequency and to the number and the position of source and receiver points. The 
frequency, in fact, drives the resolution capability of the method: the higher is the frequency, 
the smaller can be the cells in the reconstruction procedure but the higher is the frequency, the 
higher will be the attenuation of the ultrasonic pulse and the more difficult will be the first 
arrival detection. Once the frequency has been chosen, the resolution becomes just a matter of 
how many rays have been used, that is how many sources and receivers are employed, and 
were they are settled: only a complete ray coverage of the section can assure a good 
resolution. 
As far as concerning the GPR measurements, the main interesting advantage is the possibility 
to determine a fast image of the inner of the statue, but with a reduced resolution, using also 
high frequency (1500 MHz). The physical resolution, related to the wavelength in this kind of 
material, is approximately 0.05 m; this does not permit an accurate reconstruction of the 
micro-discontinuities in the statue. However, the main zone interested by mortar are well 
pointed out. 
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